Site 1123 is located on the northeastern flank of the Chatham Rise. Sedimentological and clay mineralogical analyses indicate a very fine grained carbonate-rich sediment. Smectite and illite are the main constituents of the clay mineral assemblage. High smectite values in the Eocene decrease in younger sediment sequences. Illite and chlorite concentrations increase in younger sediments with significant steps at 13.5, 9, and 6.4 Ma. The kaolinite content is near the detection limit and not significant. We observed only small fluctuations of the clay mineral composition, which indicates a uniform sedimentation process, probably driven by long-term processes. Good correspondence is shown between increasing illite and chlorite values and the tectonic uplift history of the Southern Alps.
INTRODUCTION
The Southwest Pacific east of New Zealand is a key region of the global thermohaline conveyor hypothesis as suggested by Broecker et al. (1990) and Schmitz (1995) . The opening of the Tasman gateway and the Drake Passage between 32 and 20 Ma (Kennett et al., 1972 , Boltovskoy, 1980 ) allowed for the evolution of the Antarctic Circumpolar Current-Deep Western Boundary Current system (ACC-DWBC) (Molnar et al., 1975 , Lawver et al., 1992 . The DWBC transports ~20 ´ 10 6 m 3 /s of water into the Pacific, which composes ~40% of the total input of deep water to the world's oceans (Warren, 1973 (Warren, , 1981 In the pathway of the DWBC along the New Zealand margin, some sediments drifts were discovered through seismic analyses (Fulthorpe and Carter, 1991; Carter and McCave, 1994; Carter et al., 1996) . At the eastern flank of the Chatham Rise, a drift was created due to the deceleration of the DWBC after passing the Valerie Passage, a 250-km-wide gap between the Chatham Rise and the Louisville Seamount (Warren, 1973) .
Various sediment sources contribute to the sedimentation process. In addition to the biopelagic sedimentation, material from other distant sources is transported by the DWBC. Evidence for long distance transport is provided by the presence of subantarctic diatoms in the drift at 40°S (Carter and Mitchell, 1987) . The airfall of rhyolitic and andesitic tephra from the arc volcanism in New Zealand since the Miocene (e.g., Nelson et al., 1986; Shane and Froggatt, 1991; Carter et al., 1995; Shane et al., 1995) represents another sediment source. Further sediment input is fed to the DWBC by the uplift and erosion of the Southern Alps of New Zealand. Beginning ~24 Ma, the material from the Southern Alps was eroded (Vella, 1962; Norris et al., 1978) and transported from the eastern South Island to the Solander Channel, Bounty Trough, and Hikurangi Channel system.
The sedimentation pattern and the path of redistribution along the eastern continental margin of New Zealand will shed light on the climatic development, the tectonic history, and the evolution of the DWBC.
The focus of this study is the middle to late Miocene time interval, during which significant cooling of Antarctica has been described (Flower and Kennett, 1995) .
SEDIMENT COMPOSITION OF SITE 1123
Site 1123 is located on the northeastern flank of the Chatham Rise in a water depth of 3290 m. It was drilled in a sediment drift that was built as a result of the decelerating DWBC after passing the Valerie Passage.
Three holes were cored at Site 1123. Hole 1123A reached a maximum depth of 158.1 meters below seafloor (mbsf), Hole 1123B penetrated to 489 mbsf, and Hole 1123C penetrated to 632.80 mbsf. The sediment is comprised of clayey nannofossil ooze with an increasing degree of lithification with depth (Carter, McCave, Richter, Carter, et al., 1999) . Site 1123 is subdivided into four lithologic units. Unit I, which is Pleistocene to late Miocene in age, extends from the seafloor to 256.59 mbsf and consists of clayey nannofossil ooze (Subunit IA) and chalk (Subunit IB). Tephra layers are very abundant in Subunit IA and are also present in Subunit IB. Unit II (257 to 450.8 mbsf) spans the late Miocene to middle Miocene. This uniform sedimentary sequence is composed of clayey nannofossil chalk containing nine tephra layers. The underlying Unit III ranges from middle Miocene to early Miocene in age (450.8 to 587.2 mbsf). The base of Unit III is set below the mid-Oligocene Marshall Paraconformity (Fulthorpe et al., 1996) . The abundance of terrigenous clay increases in Unit III, and the sediment composition changes from clayey nannofossil chalk to nannofossil mudstone. Within Unit III (542.9 to 550.5 mbsf) a debris flow interrupts the continuous sedi-
METHODS

Organic and Inorganic Carbon Analyses
The bulk samples of Hole 1123B and Hole 1123C were split into subsamples. One subsample was analyzed for carbonate and total organic carbon (TOC) content with a Leco CS-125 analyzer. Double measurements were performed on total carbon (TC) after decarbonization of the sample on TOC. The content of calcium carbonate was calculated by multiplying the difference between TC and TOC by a factor of 8.333.
Clay Mineral Analyses
After separating the fine fraction through wet sieving, it was treated with 10% H 2 O 2 to remove organic carbon. After washing the sample, calcium carbonate was dissolved with 6% acetic acid. Repeated washing and centrifugation then cleared the sample of acid. Sodium polyphosphate of 0.05% concentration was added for dispersion of the fine fraction. After this pretreatment, an aliquot of the <2-µm fraction was separated by the settling method according to Stoke's law.
Oriented samples were produced using the filter transfer method (Moore and Reynolds, 1997) . Depending on the concentration of the suspension, an appropriate quantity was sucked through a 0.2-µm cellulose nitrate filter to yield an "infinite" sample thickness corresponding to 14 mg/cm 2 . The sample cake was dried overnight at 50°C and transferred to an aluminum slide. Analyses were performed using a Philips X-ray diffractometer 1830 with CoK α radiation (40 kV; 35 mA), automatic divergence slit, graphite monochromator, and automatic sample holder. XRD scans with a step width of 0.01°2θ/s were carried out on untreated samples and after glycolation (12 hr at 60°C) in a range of 2°-40°2θ.
Peak areas of base reflections were calculated using MacDiff software v. 3.1 (R. Petschick) (http://servermac.geologie.uni-frankfurt.de/ Staff/Homepages/Petschick/RainerE.html) after manual correction of the baseline for 1. Smectite (including randomly interstratified illite/smectite mixed layers and smectite/chlorite mixed layer minerals) at 17.2-16.7 Å after graphical removal of the chlorite peak at 14 Å, 2. Illite (including regular illite-smectite mixed layers) at 10.1 Å, and 3. Chlorite and kaolinite at 7.1 Å.
The peak areas of the coincident peaks of chlorite (002) and kaolinite (001) were subdivided using the intensity ratio of chlorite (004) at 3.54 Å and kaolinite (002) at 3.58 Å (Biscaye, 1964) . The terms smectite, illite, chlorite, and kaolinite are used here as general expressions for the corresponding mineral groups. Mixed layer minerals that were indicated by broadening of peaks and only present in trace amounts were not calculated.
The relative percentages were calculated using the empirically estimated factors by Biscaye (1965) . The precision of repeated measure-A. WINKLER AND W.-C. DULLO DATA REPORT: MIOCENE TO PLEISTOCENE SEDIMENTATION PATTERN 4 ments has a standard deviation <3.5% (Winkler et al., 2001) . The S/ (I+C+S) ratio is based on the uncorrected peak areas.
Age-Depth Model
The age-depth model is mainly based on magnetostratigraphy, which is compared to the geomagnetic polarity timescale of Cande and Kent (1995) and Berggren et al. (1995) according to the shipboard age-depth model (Carter, McCave, Richter, Carter, et al., 1999) . Two biostratigraphic datums were added to the age-depth model at 21.6 Ma at 596.7 meters composite depth (mcd) and 30 Ma at 597 mcd. A significant hiatus of at least 9 m.y. is present between 21 and 30 Ma. The debris flow (Subunit IIIB) occurs from the interval from 552.46 to 560.06 mcd and was excluded by the calculation of the linear age and accumulation rates.
Bulk Accumulation Rates
The bulk accumulation rates (Bulk AR) were calculated by using the shipboard gamma ray attenuation (GRA) density data with the following formula:
where Bulk AR = accumulation rate of the bulk sediment (g/cm 2 /m.y.), LSR = linear sedimentation rate (cm/m.y.), and GRA = gamma ray attenuation bulk density (g/cm 3 ).
DATA DESCRIPTION
The sediment of Site 1123 is very fine grained consisting of a <63-µm fraction to >97 wt% on average. A significant occurrence of coarser particles is present in Oligocene sediments comprising 2 wt% of the >63-µm fraction. A similar coarse fraction occurs at ~16 Ma with several events containing 3 to 4 wt% of the >63-µm fraction. At 4.5 Ma, a single event of 5 wt% coarse-fraction input occurs. In the Pleistocene, the content of the coarse fraction (<63 µm) rises to 10 wt% ( Fig. F1 ; Table  T1 ).
Sedimentation at the northeastern flank of the Chatham Rise shows high carbonate content with an average of 50 wt% (Fig. F1) . The very high carbonate content in Eocene sediments of 70-80 wt% decreases in early to middle Miocene time with minimum values of 20 wt% CaCO 3 . An increasing trend begins at 14.4 Ma with values of 60-70 wt%. This level of high carbonate content is relatively constant until 9 Ma. A period with lower carbonate content and stronger fluctuations around 50 wt% follows. Between 3.5 and 1.5 Ma, a significant decrease of CaCO 3 concentration occurs.
The overall TOC content averages <0.5 wt% (Fig. F1) . Several single peaks of a higher TOC content (0.5 to 1 wt%) occur at 17.7, 9.7, 5.6, 4.4 Ma, between 2 and 1.5 Ma, and at 0.7 Ma. In general, the TOC content increases slightly in younger sediments but remains on average below 0.5%. The high resolution of the age-depth model at Site 1123 allows the calculation of a detailed record of bulk accumulation rates (bulk AR; Fig.  F1 ). This shows single events of maximum accumulation at 16.5 to 16.3 Ma and at 12.7, 9.6, and 7.3 Ma. Sediments older than 13.5 Ma display a bulk AR of 3000 to 4000 g/cm 2 /m.y. In this older sediment sequence the bulk AR exceeds values of ~5000 g/cm 2 /m.y. only between 20 and 19 Ma. Beginning at ~13.5 Ma, the bulk AR is marked by values of 6000 g/cm 2 /m.y., however the bulk accumulation rate reaches values below 5000 g/cm 2 /m.y. several times (e.g., 11.9 to 11.1 Ma, 9.9 to 9.6 Ma, at 9.5 Ma, 9.2 to 9.1 Ma, and 7.3 to 7.1 Ma).
The clay mineral distribution is dominated by smectite and illite and shows an inverse correlation throughout the sedimentary sequence ( Fig. F2 ; Table T2 ). Kaolinite and chlorite play a subordinate role in the total clay mineral assemblages. In general, the chlorite percentages are lower but mimic the illite content. Eocene sediments contain 80% smectite, whereas illite is low (10% to 15%). In the lower Miocene (20 to 18.5 Ma), smectite values are still high, with an average of 60%. A significant decrease to 45% smectite occurs at 18 Ma. At the same time illite increases slightly to 33% and the chlorite concentration is 15%, compared to the low chlorite content of <5% in the Eocene, and a value of nearly 10% in the early Miocene.
A significant shift to lower smectite content and higher illite and chlorite values appears for the first time at 13.5 Ma. Smectite decreases to a level of nearly 50%, whereas illite increases to 38% and chlorite tõ 15%. The smectite concentration remains almost constant until 10 Ma and then rapidly decreases to about 30% at 9 Ma. Illite and chlorite increase in the same section. Starting at 9 Ma, illite shows an average value of 45% and chlorite increases to values of 25%. At 6 Ma, smectite decreases below 20%. With maximum values of 6% in the lower Miocene, kaolinite does not contribute significantly to the clay mineral composition. In the younger sedimentary sequence, the content of kaolinite decreases to 3% on average. This is close to the analytical detection limit.
In Figure F2 , column 5, the ratio of smectite to illite, plus chlorite, plus smectite is shown. Because of the very good correlation between smectite and illite and chlorite, this is a useful parameter for describing the variability of the entire clay mineral composition with a single parameter.
DISCUSSION
The high smectite content ~80% in Eocene sediments corresponds well with the findings of Robert et al. (1986) at Site 594 on the Chatham Rise. They suggest that during this time interval smectite was formed in plains and perimarine lagoons which resulted in high smectite values in Eocene sediments around New Zealand. The increased content of illite and chlorite in lower Miocene sediments at Site 1123 could be explained by enhanced sediment supply shed from the uplifting of the Southern Alps, which commenced in the late Oligocene (Vella, 1962; Norris et al., 1978) .
During the transition from the early to the middle Miocene, the ratio of S/(I+C+S) decreases only slightly. The bulk AR is relatively uniform between 20 and 15 Ma, with an average of 4000 to 5000 g/cm 2 /m.y. In the sediments corresponding to this time interval, the calcium carbonate content is low, suggesting a more terrigenous source. 
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Despite the weak trend to a lower S/(I+C+S) ratio during the early middle Miocene, a significant qualitative change in the clay mineral composition is not documented before 13.5 Ma. The bulk AR shows an increase at 13.5 Ma. An increase in calcium carbonate content at 14 Ma predates the increase of the accumulation rate by 0.5 Ma. This indicates a synchronous increase of bulk AR and a fine fraction composition shift, possibly caused by a new sediment source or strengthening of the influence of one source in a suite of different sources starting at 13.5 Ma.
The increase of illite and chlorite at ~9 Ma is linked to higher terrigenous input associated with decreasing carbonate values in comparison to unaltered bulk AR.
A significant shift of clay mineral composition occurs between 7.6 and 6.4 Ma with a strong increase of chlorite related to short-term doubling of the accumulation rate from 6.5 to 6 Ma. This may indicate accelerated erosion because of increased collision of plate boundaries at 6.4 Ma as suggested by Walcott (1998). Short-term fluctuations of the clay mineral composition indicate very uniform sedimentation conditions. This is particularly evident during the early and middle Miocene, which is documented by a higher sample resolution. Our data suggest that the sediment composition at Site 1123 is influenced by long-term variations, such as tectonic processes at the Alpine Fault.
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